Sensory stimuli/inactivity may affect sleep. Sleep problems are associated with multiple health problems. We assessed TV habits in the Adventist Health Study-2 at baseline and sleep problems in the Biopsychosocial Religion and Health Study 1 to 4 years later. After exclusions, 3914 subjects split equally into TV watchers less than 2 hours per day or 2 or more hours per day. Watching TV 2 or more hours per day predicted problems falling asleep, middle of the night awakening, and waking early with inability to sleep again in multiple logistic regression. Excess TV watching disturbed sleep induction and quality, though the relationship may be bidirectional. TV habits should be considered in individuals with sleep problems.
S
LEEP PROBLEMS are an ever-increasing public health hazard. 1 About one-tenth of respondents to the behavioral risk factor surveillance system in 2009 reported 30 days of insufficient sleep in the preceding 30 days. 2 Sleep problems may be related to demographic disparities. Among communitydwelling elderly blacks, fewer sleep problems were reported compared to whites, 3 while another study found shorter sleep duration among blacks compared to whites 4 ; socioeconomic differences may influence these relationships. 5 Various forms of sleep problems are associated with a spectrum of health problems, including metabolic syndrome, obesity, diabetes, cardiovascular disease, and reduced functional capacity and quality of life. [6] [7] [8] [9] [10] Recently, the health professionals follow-up study reported that difficulty cigarette smoking, 12, 14 diet, 7 and physical inactivity 10, 12 seem to play major roles in sleep disturbance. Body fatness and increased body mass index (BMI) are associated with sleep problems 6, 8, 10, 12 independently of physical activity level. 10 Another lifestyle factor that may influence nighttime sleep is napping. Daytime napping may be a marker for sleep fragmentation, particularly in older adults. 15 Putative factors associated with poor health and sleep problems include TV watching and other screen time. 16, 17 Excess TV time may impair health, rivaling the associations of lack of physical activity, obesity, and smoking with reduced longevity. 16 In one study, every hour of TV watching was observed to shorten life by 22 minutes. 16 TV watching is associated with sedentariness and studies have linked sedentariness and sleep problems.
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delayed sleep induction. 18 Cross-sectional studies associating TV watching to sleep have been conducted among children, adolescents, and college-age students. 19, 20 In a prospective study, adolescents who watched 3 or more hours of TV daily were at a significantly elevated risk for sleep problems by early adulthood, while those who reduced their TV viewing from 1 hour or longer to less than 1 hour reduced their risk for subsequent sleep problems. 21 On the contrary, among US persons aged 13 to 64 years, only use of interactive technological devices but not passive devices like TV before bedtime was associated with sleep problems. 17 Prospective data associating TV watching with sleep problems in adults appear to be lacking.
This study was done in a sample of churchgoers who participated in 2 surveys, 1 to 4 years apart. We studied whether watching TV at baseline was associated with sleep problems, after adjusting for control variables including demographics, baseline sleep duration, BMI, exercise habits, weekend and weekday napping, diet, and caffeine and alcohol use.
METHODS
The Adventist Health Study-2 (AHS-2) was initiated in 2002 among approximately 97 000 seventh-day Adventist church members 30 years or older who were able to read and speak English and attended churches in the United States and Canada. 22 The baseline questionnaire asked about medical history, dietary habits, physical activity, lifestyle, and demographics. The Biopsychosocial Religion and Health Study (BRHS) 23 consisted of a questionnaire regarding religious, health-related, psychological, and social practices administered to a randomly chosen subset of 20 000 participants in AHS-2 1 to 4 years following AHS-2. A total of 10 988 respondents (55% response) completed the BRHS.
In the current prospective study, black and white participants in AHS-2 who responded to the BRHS were the study sample. We excluded non-Adventists, those who were younger than 30 years, and those who had a BMI of more than 40 kg/m 2 . Individuals with medical disease or pain syndromes including diabetes, stroke, angina pectoris, rheumatoid arthritis, degenerative disk and arthritis disorders, asthma, fibromyalgia, and sleep apnea as reported in the BRHS were also excluded. These exclusions reduced the study sample to 4934. The final number was 3914, after removal of subjects with incomplete data. Analyses were repeated with the inclusion of subjects with medical disease or pain syndromes (n = 6949).
In the baseline AHS-2 questionnaire, subjects were asked about age, race and gender, education, weight and height (to calculate BMI), diet, exercise, alcohol consumption, napping, hours of sleep each night, and daily hours of TV watching. Dietary data were obtained from a validated food frequency questionnaire covering the past year. Response categories for usual vigorous exercise during the past year ranged from never to 6 or fewer times per week. Alcohol was categorized as nonuse in the last 12 months versus any use. Napping on weekdays and weekends was recorded as number of minutes on a usual weekday on average, and on the weekend. Sleep duration was assessed as "How many hours do you usually sleep each night?" Cutoffs were less than 6 hours per night or 9 or more hours per night. The number of hours of TV watching daily were listed as follows: none, <1 hour, 1 hour, 2 hours, 3 to 4 hours, and 5 or more hours with 2 or more hours per day chosen as a cutoff.
In the BRHS, sleep problems were assessed as follows: Do you have trouble falling asleep, waking in the middle of the night and finding it hard to get back to sleep, and waking up very early and cannot get back to sleep in the past 4 weeks? These questions were based on the Alameda county questionnaire. 24 Response categories were rarely or never, sometimes, often, or almost every day. The latter 3 categories were grouped in analyses. Caffeinated beverage intake was categorized as none/rarely or 1 to 3 times per month in the last 12 months.
STATISTICAL ANALYSES
One G*POWER analysis was done with F as the test family and multiple regression testing R 2 deviation from zero. 25 Sample size, given alpha of .05, power of 0.8, a small effect size (f 2 = 0.02), and 13 as the number of predictors, yielded a minimum sample size need of 904. Descriptive characteristics were compared between subjects who reported TV watching for less than 2 hours per day versus 2 or more hours per day using chi-square or independent t tests. Multiple logistic regression analysis was conducted with TV watching at baseline as the independent variable, and sleep problems (trouble falling asleep, waking in the middle of the night, waking early and can't get back to sleep) as the dependent variables. The final model was adjusted for age, race, gender, education, BMI, diet, vigorous exercise, alcohol use, caffeinated beverage use, weekend and weekday napping, interval in years between questionnaires, and sleep duration at baseline. SPSS Version 20 (Statistical Package for the Social Sciences, Chicago, IL) was used for analyses.
RESULTS
One-half of the sample reported watching TV less than 2 hours per day (none, 12.3%; <1 hour, 19.4%; 1 hour, 18.3%) while one-half reported watching TV 2 or more hours per day (2 hours, 28.4%; 3-4 hours, 17.9%; ≥5 hours, 3.6%). Descriptive characteristics shown in Table 1 indicate that subjects who watched TV 2 or more hours per day were older, had a higher mean BMI, were more likely to be black, had less education, were less likely to be vegetarian, were engaged in less exercise, were more likely to use caffeine and consume alcohol, were more likely to report no napping or long naps on weekdays and weekends, and were more likely to report very short or long duration of nighttime sleep compared to subjects who watched TV less than 2 hours per day. There was a slightly longer elapsed time between baseline and follow-up questionnaire responses for those who watched TV less than 2 hours per day than for those who watched TV 2 or more hours per day. Table 2 shows that those who watched TV 2 or more hours per day were more likely to report trouble falling asleep, waking in the middle of the night, and waking early and unable to go back to sleep compared to those who watched TV less than 2 hours per night. Tables 3 to 5 show multivariate adjusted odds ratios and confidence intervals for the relationship between TV watching and sleep problems. After adjusting for all control variables watching TV 2 or more hours per day was associated with higher odds of trouble falling asleep (Table 3) . Trouble falling asleep increased with age, female gender, weekday napping, and sleeping less than 6 hours per night at baseline, while male gender, nonuse of caffeine, and sleeping 9 or more hours per night at baseline were associated with less trouble falling asleep. As shown in Table 4 , after adjusting for all control variables, watching TV 2 or more hours per day was associated with waking in the middle of the night and finding it hard to get back to sleep. Waking in the middle of the night was associated with being a white female, weekend napping, short naps on weekdays, and less than 6 hours of sleep per night at baseline. Protection against waking in the middle of the night was associated with black race. Table 5 shows that after adjusting for all control variables watching TV 2 or more hours per day was associated with higher odds of waking early and inability to go back to sleep. Waking early and inability to go back to sleep was also associated with age, vegetarian diet, napping on weekends and short naps on weekdays, and less than 6 hours of sleep/night at baseline. Protection against waking early and unable to go back to sleep was associated with black race, having a master's degree or higher education, and sleeping 9 or more hours per night.
All analyses were repeated including subjects with medical disease or pain syndromes. These results showed similar relationships between TV watching and sleep problems as in the sample without disease or pain (data not shown); only the relationship of some control variables to sleep problems differed (data not shown).
DISCUSSION
In a biethnic churchgoing sample, we found that that watching TV 2 or more hours daily was associated with trouble falling asleep, waking in the middle of the night, and finding it hard to get back to sleep, and waking early with inability to fall sleep again. Several demographic and lifestyle factors were associated with increased TV watching; however, adjustment for these factors did not change the findings. The data is prospective, with TV watching assessed at baseline and sleep problems assessed at follow-up after a mean of 3 years. However, the time of observation was short. Thus, it remains possible that sleep problems lead to TV watching, as well as TV watching leading to sleep difficulties. The study had adequate power as estimated a priori. Other strengths of the study include control for a number of confounders, including napping as well as sleep duration at baseline. About 36% of the total study sample was black as efforts were made to include a biethnic population. Very few subjects smoked cigarettes (29 subjects in total who reported smoking 1 cigarette or more daily, data not shown), in accordance with church teachings. The absence of smokers reduced the effect of an important confounder of the relation between TV watching and sleep problems.
14 Validity of the study is strengthened by our finding of associations between TV watching and all 3 indicators of sleep problems. While previous studies have looked at the relation of TV watching to bedtimes, falling asleep and unrefreshing sleep, 17, 20 we are unaware of previous research on the connection of TV watching to middle of the night awakening, and early awakening with inability to fall asleep again.
It is not clear how TV watching may lead to sleep problems-possible explanations include direct ones, such as encroaching of media activity on sleep time 20 and the effect of bright, flickering light on sleep-inducing hormones, 19 as well as indirect ones as inactivity associated with TV watching and likely uncontrolled confounding in an observational study. Excess TV watching clustered with unfavorable lifestyle characteristics. Participants who watched more TV were more likely to use caffeine and alcohol, exercised less, had a higher BMI, and more likely to consume a nonvegetarian diet compared to their counterparts.
There are several limitations. We lacked data on night shift work, an important indicator of sleep patterns. 26 We did not ask about how close to bedtime subjects watched TV and could not distinguish total TV time from close to bedtime TV time. Another limitation is the self-reported nature of the data. However, previous studies have shown that self-reported sleep is consistent with direct (actigraphic) monitoring. 27 Furthermore, medical or psychiatric illness may be associated with both TV watching and sleep problems. 6 Although we excluded several medical conditions, the role of psychiatric illness was not investigated.
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The study cohort was not representative of the general population, but rather a healthier population, and the findings should not be extended to other populations. The cohort consisted of a church-going group belong to a denomination, which encourages healthy lifestyle practices including adequate rest. Also, trivial entertainment is discouraged by the church as reflected by the lesser amount of TV watching in the present sample compared to the general US population where a mean of 5 hours daily is reported. 20 However, this may be a strength of the study. The observation that a substantial minority (one-third of the sample) watched less than 1 hour per day gave a broader range of practices than in the general population. Practices that the church discourages include use of stimulants such as alcohol and caffeine, substances associated with sleep problems in previous research. 12, 13 However, use of alcohol in moderate amounts by a minority was not associated with sleep problems in the current study. This supports the notion that excess alcohol may increase risk of sleep problems, as shown previously. 12 Another difference in our sample versus the general population was use of caffeine. Over one-half of our subjects did not use caffeine; considering the US population, caffeine is used by more than 80%. 28 The availability of approximately equal groups of caffeine users and nonusers may have increased the of finding effects of caffeine on sleep, and caffeine may be an important confounder of the relationship between TV watching and sleep.
Despite differences from a general population, expected associations between demographics and sleep problems were seen, strengthening the validity of the findings. Our results are generally consistent with previous research that found whites to report more sleep problems than blacks after control for age and education. 3 In this study, length of education was a surrogate for occupation and showed protection against sleep problems, consistent with previous studies. 4, 5 Obesity is typically associated with short sleep duration, 6 ,8 but we did not find an association between obesity and sleep problems. Explanations for our findings may include the fact that we controlled for diet and exercise, factors that may influence the relation between BMI and sleep problems. 7, 29 Our sample had a mean age of approximately 57 years and sleep problems were common. Sleep problems are typically greater in the elderly population, which contributes to risk of mortality. 30 The potential of preventing sleep problems with lifestyle change in the elderly population is of public health interest.
CONCLUSION
Our study showed that TV watching for 2 or more hours per day was associated with a range of sleep problems. Experimental studies of the effect of limiting the use of TV to improve sleep quality may be valuable. Furthermore, studying the association of TV watching with onset of chronic diseases associated with sleep problems may be of interest.
